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USE OF ENDOCOMMENSAL MOLLIJSSAN CILIATED PROTOZOA 
AS INDICATORS OF WATER QU.ALITY AND POLLUTION 
I N  ILLINOIS WATERS 
by Eugene B. Small and Gregory A.  Antipa 
SUMMARY 
F i f t e e n  s p e c i e s  o f  unionfd b iva lves  from seventeen 
l o c a l i t i e s  i n  Cen t r a l  I l l i n o i s  were c a r e f u l l y  examined 
f o r  c i l i a t e  protozoan i n f e c t i o n s .  Many c i l i a t e s  appeared 
occas iona l ly ,  but  t h e  th igrnotr ich c i l i a t e s  Conchophthirus 
and He te roc ine tops i s  unionidarum appeared abundantly and 
c o n s i s t e n t l s .  New obse rva t ions  on t h e  m o r ~ h o l o a s  of Con- 
-
chophth i rusV and t h e i r  u l t i m a t e  e f f e c t  uponL s p e c i a t i o n  with-. 
i n  t h e  genus a r e  t o  be developed f u r t h e r  by t h e  j u n i o r  
au tho r .  H. unionidarum was found abundantly a t  one l o c a t i o n .  
Although Conchophthirus and He te roc ine tops i s  were t h e  only  
th igmot r ichs  uncovered i n  t h i s  s tudy ,  t h e  i s o l a t i o n  of 
He te roc ine tops i s  sugges t s  t h a t  o t h e r  t h igmot r i ch  c i l i a t e s  
may a. lso be found i n  I l l i n o i s .  
The c i l i a t e s  Conchophthirus and He te roc ine tops i s  were 
t e s t e d  f o r  t h e i r  a b i l i t y  t o  r e a c t  a s  very d e l i c a t e  i n d i c a t o r s  
of  water  q u a l i t y .  Th i s  was accomplished by p l a n t i n g  in feo t ed  
b iva lves  i n  a r e a s  of known p o l l u t i o n  i n  t h e  S a l t  Fork Ver- 
mi l ion  River dra.ina.ge system. A t  i n t e r v a l s  a f t e r  p l a n t i n g ,  
i n d i v i d u a l s  were recovered and c a r e f u l l y  examined f o r  t h e  
r e l a t i v e  abundance of Conchophthirus and He te roc ine tops i s .  
The pre l iminary  r e s u l t s  sugges t  t h a t  He te roc ine tops i s  may 
be t h e  most c r i t i c a l  i n d i c a t o r  o f  b i o l o g i c a l  p o l l u t i o n  
c u r r e n t l y  a v a i l a b l e  f o r  I l l i n o i s  wa.ters . 
INTRODUCTION 
I n  r e c e n t  yea r s  t h e r e  has  been increased  concern and anxie ty  
by t h e  s c i e n t i f i c  community and t h e  g e n e r a l  pub l i c  ove r  problems of 
water  q u a l i t y  and p o l l u t i o n ,  To da t e ,  t h e  ma jo r i t y  of t h i s  concern 
has  been focused a t  bodies  of  f r e s h  water,  both l o t i c  and l e n t i c ,  
Various phys i ca l ,  chemical and b i o l o g i c a l  parameters  have been 
u t i l i z e d  i n  assaying cond i t i ons  of water  q u a l i t y  i n  a l l  t ypes  of 
s i t u a t i o n s .  This  r e p o r t  i s  concerned with t h e  b i o l o g i c a l  assay 
of water  q u a l i t y .  
Many b i o l o g i c a l  i n d i c a t o r s  have been d e v d o p e d  and u t i l i z e d  
as a s s a y s  f o r  e s t a b l i s h e d  wate r  c o n d i t i o n s .  I n  g e n e r a l ,  t h e  
p r e sence  o f  c e r t a i n  p l a n t s  and an imals  ha s  i n d i c a t e d  poor  wa te r  
q u a l i t y ,  whi le  t h e  occur rence  o f  o t h e r  s p e c i f i c  p l a n t s  and an imals  
h a s  i n d i c a t e d  good wate r  q u a l i t y .  Of ten  a  broad survey o f  t h e  
b i o t a ,  which t a k e s  i n t o  account  t h e  g e n e r a l  ecology of  t h e  a r e a  
under  ques t i on ,  h a s  been adequa te  t o  c l a s s i f y  t h e  a r e a  i n t o  a  - 
g e n e r a l  c a t ego ry  of  wa t e r  q u a l i t y .  However, t h e r e  i s  one draw- 
back. The system of b i o l o g i c a l  i n d i c a t o r s ,  t h u s  f a.r, r e q u i r e s  
a s i g n i f i c a n t  change i n  t h e  ecology o f  an  environment b e f o r e  
c o n d i t i o n s  a r e  p o s i t i v e l y  recogn ized .  I n  o t h e r  words, l a r g e  
numbers o f  good wate r  organisms must d i e  o f f  and be r ep l aced  w i th  
t h o s e  organisms which abound i n  wa te r  o f  a  p o o r e r  q u a l i t y ,  t h e  
s o - c a l l e d  " p o l l u t i o n  organisms.  11 
Almost every  group of  p l a n t s  o r  an imals  ha s  been used 
s u c c e s s f u l l y  a s  a b io log i - ca l  i n d i c a t o r .  Recent ly  t h e  u n i c e l l u l a r  
p ro tozoa  have been s u c c e s s f u l l y  u t i l i z e d .  The u n i c e l l u l a r  n a t u r e  
o f  t h e s e  organisms makes them more i n f l u e n c e d  by t h e i r  env i ron-  
ment t h a n  m u l t i c e L l u l a r  organisms.  I n  many c a s e s  t h e i r  f a s t i d i o u s  
n a t u r e  t e n d s  t o  augment t h i s  s e n s i t i v i t y .  The m a j o r i t y  o f  t h e  
work concerning t h e  r o l e  o f  tke p ro tozoa  a s  b i o l o g i c a l  ind ica - -  
t o r s  h a s  been l i m i t e d  t o  f r e e - l i v i n g  forms.  A s  h a s  been e s t a b -  
l i s h e d  w i th  o t h e r  groups  o f  organisms,  many of  t h e  f r e e - l i v i n g  
p ro tozoa  have been i d e n t i f i e d  w i th  s p e c i f i c  deg ree s  o f  p o l l u t i o n  
and have been subsequen t ly  used w i t h  accuracy a s  b i o l o g i c a l  
i n d i c a t o r s .  The p o t e n t i a l  of  t h e  p r o t o z o a  a s  good b i o l o g i c a l  
i n d i c a t o r s  of wa te r  q u a l i t y  cannot  be den ied .  However, t h e  f r e e -  
l i v i n g  forms pose  problems o f  sampling e r r o r  and i d e n t i f i c a t i o n  
o f  a  m ic ro -hab i t a t  t h a t  t end  t o  confuse  t h e  p i c t u r e .  
O b j e c t i v e s  and Scope 
The p r e s e n t  s t udy  i s  concerned wi th  t h e  b i o l o g i c a l  i n d i c a t o r  
va lue  o f  a  p ro tozoan  c r i t i c a l  enough t o  show changing wa t e r  con- 
d i t i o n s  b e f o r e  major  and perhaps  i r r e v e r s i b l e  damage t a k e s  p l a c e  
t o  t h e  a q u a t i c  environment.  P o l l u t a n t  c o n d i t i o n s  o f  i n c r e a s i n g  - 
t o x i c i t y  could  t h e n  be recognized i n  t ime  t o  be e f f e c t i v e l y  t r e a t -  
ed b e f o r e  t hey  becomz overbear ing  on t h e  waterway t hey  a f f e c t .  
The o b j e c t i v e  o f  t h i s  p r o j e c t  was t o  s tudy  a  system which 
might become a  c r i t i c a l  b i o l o g i c a l  a s s ay  of wa te r  q u a l i t y  such 
a s  t h a t  d e s c r i b e d  above. The sys tem we chose  t o  ana lyze  was t h e  
p ro tozoan  a s s o c i a t i o n  w i t h i n  t h e  f r e s h  wa te r  b i v a l v e  mol lusc .  
I n  p a r t i c u l a r ,  we were i n t e r e s t e d  i n  examining t h a t  group of  
c i l i a t e s  ( t h e  t h i g m o t r i c h s )  which a r e  o b l i g a t o r y  commensals 
w i t h i n  t h e  mant le  c a v i t y  of  t h e s e  hcrsts. 
: Z h a r a c t e r i s t i c s  o f  t h e  Study System 
This  s r o u p  o f  c i l i a t e s  o f f e r s  s e v e r a l  u ~ i q ~ n e  c h a r a c t e r -  
I s t i c s  t o  t h i s  s t udy .  The f r e sh -wa t e r  mussel ,  t h e  e l e c t e d  h o s t  
of  many t h i g m o t r i c h s ,  appears  abundan t ly  i n  t h e  G r e a t e r  Mississ- 
i p ~ j  Va l ley  Drainage System i n  ponds, l a k c s ,  c r eeks ,  and r i v e r s .  
If' t h i g m o t r i c h s  can  be u t i l i z e d  a s  i n d i z a t o r s ,  t h e i r  u s e  would 
n o t  n e c e s s a r i l y  be r e s t r i c t e d  t o  a  s p e c i f i c  c l a s s  of' waterway 
o r  wa t e r  body, bu t  could be u n i v e r s a l  f o r  f r e sh -wa t e r  i n  I l l i n o i s  
and t he  Midwest. It i s  we l l  documented t h a t  un ion id  b i v a l v e s  
ar ie  r a p i d l y  a f f e c t e d  by c o n d i t i o n s  of  poor  wa te r  q u a l i t y .  T h e i r  
n r e sence  i n  a  wa t e r  body o r  waterway h a s  t h e r e f o r e  i n d i c a t e d  
I 1 I good wate r .  It should be remembered of course ,  t h a t  t h e i r  
t o t a l  absence  does  n o t  n e c e s s a r i l y  i n d i c a t e  poor  wa te r ,  s i n c e  
t hey  may n o t  have e x i s t e d  i n  t h e  a r e a  a t  any t ime.  A s  t h e  
f r e sh -wa t e r  mussel  e x i s t s  i n  a r e a s  of  good wate r ,  t h e  t h i g m o t r i c h  
c i l i a t e s ,  should  t hey  be s e n s i t i v e  t o  low l e v e l  p o l l u t e d  con- 
d i t i o n s ,  would t h e n  be a very  c r i t i c a l  i n d i c a t o r .  
Some comment about  t h e  r e l a t i o n s h i p  between t h e  h o s t  and 
t h e  t h i g m o t r i c h  c i l i a t e s  should  be mentioned h e r e .  They appear  
w i t h i n  t h e  mant le  c a v i t y  of  t h e i r  h o s t  and a r e  consequen t ly  
bathed i n  wa te r  which t h e  b i v a l v e  mol lusc  c i r c u l a t e s  th rough  
i t s  mant le  c a v i t y  ( ~ i g .  1). These c i l i a t e s  can be s e p a r a t e d  
i n t o  two groups .  One group of f r e e l y  swimming c i l i a t e s  move 
around on s u r f a c e s  of  t h e  mant le  c a v i t y  and c i l i a t e d  g i l l s  of  
t h e  h o s t .  Th i s  group o f  t h i g m o t r i c h s  have i n  t h e  p a s t  most 
c l o s e l y  f i t  t h e  c l a s s i c a l  d e f i n i t i o n  of a  commensal. They p o s s e s s  
11  c e l l  mouths and appa ren t l y  f e ed  on a  wide v a r i e t y  of  o rgan i c  
subs t ances "  p a s s i n g  t h roush  t h e  mant le  c a v i t y .  The second l a r g e  
s u b d i v i s i o n  of  t h i g m o t r i c h  c i l i a t e s  a r e  t h e  a t t a c h e d  forms.  
They p o s s e s s  a  sucke r  o r  a t tachment  s u r f a c e  w i th  which t hey  adhere  
t o  t h e  g i l l s  o r  p a l p s  of  t h e  h o s t ,  d e r i v i n g  nourishment appa ren t -  
l y  from t h e  cytoplasm of t h e  e p i t h e l i a l  c e l l s  t o  which they  
a t t a c h .  Both of t h e s e  groups  o f  t h i g m o t r i c h s  have a s i n g l e  l i f e  
form and h o s t s  a r e  i n f e c t e d  by a d u l t  c i l i a t e s ,  p robab ly  by p a s s i v e  
d i s p e r s a l .  
ram-peribsd jal opening hinge 
Fig. 1. Diagram of i n t e r n a l  s t r u c t u r e s  of a  f r e sh -  
water clam, Anodonta. A. Longitudinal aspect .  
B. Transverse sec t ion .  From General Zoolo 
by S t o r e r  and Usinger, 4 t h  e d i t i o n ,  19 fl 5; used
by permission of McGraw-Hill Book Company. 
The p o s i t i o n  of t h e  c i l i a t e s  wi th in  t h e  clam hos t  g ives  them 
a well-defined microniche. This niche i s  not  one d r a s t i c a l l y  
a f fec ted  by seasonal  f a c t o r s  t h a t  change t h e  ecology of t h e  
e x t e r n a l  h a b i t a t ,  although t h e  aqueous h a b i t a t  i s  cons tant ly  
monitored a s  t h e  clam c i r c u l a t e s  water through t h e  mantle cavi ty .  
Furthermore, t h e  na ture  of t h e  clams, with respect  t o  t h e i r  
l imi ted  t e r r i t o r y ,  allows f o r  the same population, o r  even the  same 
indiv iduals ,  t o  be sampled repeatedly.  A l l  i n  a l l ,  t h e  thigmotrich 
c i l i a t e s  and t h e i r  unionid bivalve h o s t s  appear t o  provide a 
p o t e n t i a l l y  p e r f e c t  system f o r  t h e  assay of s u b t l e  changes i n  
water q u a l i t y .  This study w i l l  f i r s t  review t h e  d i s t r i b u t i o n  
of thigmotr ichs within unionid spec ies  i n  I l l i n o i s  and secondly 
w i l l  experimentally f i e l d  t e s t  t h e  s u r v i v a l  c a p a b i l i t i e s  of 
c i l i a t e s  and t h e i r  hos ts .  
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LITERATURE REVIEW 
The d i s t r i b u t i o n s  and s p e c i e s  d e s i g n a t i o n  of t h e  h o s t  un ion id  
b i v a l v e s  was r e c e n t l y  t r e a t e d  i n  a  comprehensive monograph   arm- 
a l e e ,  1967) .  The o c c u r r e n c e  of  u n i o n i d s  i n  t h e  s t u d y  s t r e a m  of  
c h o i c e  f o r  t h i s  p r o j e c t ,  t h e  S a l t  Fork o f  t h e  Vermil ion  River ,  
h a s  been examined s e v e r a l  t i m e s  from 1918 t o  1967 ( ~ a k e r ,  1922; 
Van Cleave,  1934; Matteson and Dex te r ,  1 9 6 6 ) .  Each o f  t h e s e  a u t h o r s  
h a s  commented upon c e r t a i n  a s p e c t s  of  ecology and s t r e a m  p o l l u t i o n  
and t h e i r  r e l a t i o n  t o  t h e  mol luscs .  I n  a d d i t i o n  t o  t h e s e  l o c a l  
r e f e r e n c e s ,  numerous a u t h o r s  have d i s c u s s e d  i n  d e t a i l  t h e  va lue  
o f  b i v a l v e  mol luscs  a s  i n d i c a t o r s  o f  w a t e r  q u a l i t y .  A few of 
t h e s e  a r e  Coker, -- e t  a l . ,  1921; Wurtz, 1956; and Ingram, 1957. 
S t u d i e s  of  p ro tozoa  have long  been a s s o c i a t e d  wi th  t h e  
i d e n t i f i c a t i o n  of  w a t e r  q u a l i t y  (Lackey, 1925, 1938; Mohr, 1952; 
Curds, 1966; Sladeckova and Sladecek,  1966; P a t r i c k  - e t  a 1  J 
1 9 6 7 ) .  Except f o r  a  few c a s e s  t h e s e  s t u d i e s  have r e l i e d  upon 
a  m u l t i t u d e  o f  a n a l y t i c a l  methods f o r  predominant ly  f r e e - l i v i n g  
p r o t o z o a .  I n  two s t u d i e s ,  however, t h e  u s e  of  commensal c i l i a t e d  
p r o t o z o a  h a s  provided v a l u a b l e  i n f o r m a t i o n  p e r t i n e n t  t o  t h e  p o l l u t e d  
c o n d i t i o n  of  t h e i r  a q u a t i c  h a b i t a t  ( ~ h i e n e m a n n ,  1950; L a i r d ,  1 9 5 9 ) .  
Thienemann, summarizing h i s  r e s u l t s  i n  1950, i n d i c a t e d  t h a t  t h e  
t h r e e  genera  of  e p i b i o n t  c i l i a t e s  he  s t u d i e d  provided a  f a r  more 
a c c u r a t e  i n d i c a t i o n  of w a t e r  p o l l u t i o n  t h a n  t h e  i n v e r t e b r a t e  h o s t  
amphipods upon which t h e  epizoans  r e s ided .  I n  t h i s  case  t h e  
i n v e r t e b r a t e s  themselves had p rev ious ly  been considered as 
u s e f u l  i n d i c a t o r s  of p o l l u t i o n .  L a i r d ' s  s tudy ,  a l though not  
concerned with  water  q u a l i t y ,  p rov ides  in format ion  concerning 
mosquito l a r v a e  e p i -  and endocommensals r e l a t i v e  t o  def ined 
e c o l o g i c a l l y  p o l l u t e d  environments. 
There have been many r e p o r t s  of c i l i a t e d  pro tozoa  appear ing 
a s  p a r a s i t e s  o r  commensals of  unionid b iva lves .  Penchel (1965) 
and Dobrazanska (1958, 1959) r e p o r t  on surveys  of some of t h e s e  
forms. A s  mentioned above, t o  e l i m i n a t e  confusion wi th  s p e c i e s  
j u s t  "pass ing through" o r  t hose  being f i l t e r e d  ou t  by t h e  clam, 
t h i s  s tudy i s  r e s t r L c t e d  t o  o b l i g a t o r y  p a r a s i t e s ,  t h e  th igmot r ich  
c i l i a t e s .  The taxonomy of t h i s  group t o  t he  gene r i c  l e v e l  i s  
i n  a  s t a t e  of  t r a n s i t i o n .  C o r l i s s  i n  1961 reviewed c i l i a t e d  
protozoan sys temat ics .  Recently, Small (1967) r epo r t ed  on morpho 
g e n e t i c  evidence which a f f e c t s  the  h igher  taxonomy of t h e  t h i g -  
motr ichs .  The ma jo r i t y  of t h e  th igmot r ich  c i l i a t e s  descr ibed  
t o  d a t e  have been recovered from molluscan hos t s ,  p r i m a r i l y  
pelycopods. A review of t h e  r e l a t i v e l y  r ecen t  monographic work 
t r e a t i n g  t h i s  group ( c h a t t o n  and Lwoff, 1949, 1950) and t h e  
mu l t i t ude  of s p e c i f i c  r e sea rch  papers  shows t h a t  a l though  t h e  
ma jo r i t y  of  known s p e c i e s  a r e  marine, members from both sub-orders 
of t h e  t h igmot r i ch  c i l i a t e s  appear  i n  f r e s h  water .  I n  t h e  Western 
Hemisphere, f resh-water ,  mouthed th igmot r i chs  of t h e  genus - Con-
tho h t h i m s  have been repor ted  from t h e  e a s t  of  t h e  United S t a t e s  
Kidder, 1934) )  from Iowa ( ~ e n n ,  1958),  and from t h e  Eas t  Coast r"- 
and Midwest  ell^, 1899; Coker e t  a l . ,  1921) .  Although he d i d  
no t  a t tempt  t o  s p e c i a t e  t h e  Conchophthims he observed, Kelly 
r epo r t ed  t h i s  organism from 30 of 44 clam s p e c i e s  from Pennsyl- 
vania ,  Iowa and I l l i n o i s .  Only one r e p o r t  f r o m  t h e  Western Hem- 
i s p h e r e  of a  non-mouthed, f resh-water  th igmot r ich  was discovered 
i n  t h e  l i t e r a t u r e .  That was He te roc ine tops i s  unionidarum found 
on t h e  g i l l s  of - Unio compla,na.ta from nea r  Woods Hole, Massachusetts  
( c h a t t o n  and Lwoff, 1950).  
The p re sen t  s tudy has presented two a b s t r a c t s  t o  t h e  l i t- 
e r a t u r e  a s  repor ted  t o  t h e  Soc ie ty  of P ro tozoo log i s t s  i n  Toronto, 
June 1967. One of t h e s e  was concerned wi t11  t h e  d i s t r i b u t i o n  of 
c i l i a t e s  i n  t h e  mantle c a v i t y  of pelycopod molluscs  i n  I l l i n o i s  
( ~ n t i p a  and Small,  1967) ,  and t h e  o t h e r  d i scussed  p e r t i n e n t  
ques t ions  of  th igmot r ich  taxonomy (Small and Antipa, 1967) .  
METHODS AND MATERIALS 
The o b j e c t i v e s  of  t h i s  s tudy  were two-fold. The f i r s t  
e n t a i l e d  a  survey of I l l i n o i s  unionid  b iva lves .  The clams 
(=  musse l s )  were c o l l e c t e d  from a  v a r i e t y  of e c o l o g i c a l  s i t -  
u a t i o n s  i nc lud ing  both l o t i c  and l e n t i c  h a b i t a t s .  The ma jo r i t y  
of  specimens were c o l l e c t e d  by hand, a l though  sno rke l  d iv ing  was 
e f f e c t i v e l y  used on s e v e r a l  occas ions  (PI. I and 11). 
F l u i d s  from t h e  mantle c a v i t y  were examined f o r  t h e  presence 
of c i l i a t e d  protozoa.  The g i l l s  and p a l p s  were excised and exarn- 
ined  i n  v i t r o  f o r  th igmot r ichs  which might be a t t ached  t o  t h e s e  
s u r f a c e s .  I n  a d d i t i o n ,  s c r ap ings  o f  a l l  s u r f a c e s  of  t h e  mantle 
c a v i t y  and g i l l s  wi th  t h e  edge of a convent iona l  g l a s s  s l i d e  were 
of  g r e a t  a s s i s t a n c e  i n  d i s cove r ing  t h e  p resence  of c i l i a t e s .  
When c i l i a t e s  were found, permanent c y t o l o g i c a l  p r e p a r a t i o n s  
were made t o  a i d  i n  i d e n t i f i c a t i o n  of t h e s e  organisms and f o r  
keeping a  permanent record .  O f  t h e  t echniques  used,  t h e  two 
methods of  s i l v e r  impregnation,  t h e  AgN03 Chatton-Lwoff ( ~ o r l i s s ,  
1953) and t h e  P ro t a rgo l  s i l v e r  albuminose of  Bodian ( ~ i r b y ,  1950) 
proved most u s e f u l  f o r  t h i s  s tudy ,  l e a d i n g  t o  c r i t i c a l  taxonomic 
k d e n t i f i c a t i o n .  
The second phase of  t h i s  s tudy  e n t a i l e d  an experiment designed 
t o  t e s t  t h e  i n d i c a t o r  va lue  of  t h e  c i l i a t e s  found i n  t h e  survey.  
I n  b r i e f ,  i n f e c t e d  clams were t r a n s p l a n t e d  t o  p o r t i o n s  of t h e  
S a l t  Fork of t h e  Vermilion River  and i t s  t r i b u t a r i e s  and placed 
i n  l o c a t i o n s  of  r e l a t i v e l y  well-known b i o l o g i c a l  p o l l u t i o n .  The 
source  of  p o l l u t i o n  i s  t h e  t r e a t e d  waste water  pu t  i n t o  t h e  
s t ream system by t h e  Champaign-Urbana, I l l i n o i s ,  S a n i t a t i o n  
D i s t r i c t .  These clams were subsequent ly  r e t r i e v e d  and re-examined 
t o  s e e  i f  any change had taken  p l a c e  i n  t h e i r  c i l i a t e  fauna.  
RESULTS 
Survey of Host Molluscs 
The survey of p o t e n t i a l  h o s t  mussels  was focused around 
c o l l e c t i n g  s i t e s  i n  East Cen t r a l  I l l i n o i s .  Hosts  were examined 
from f o u r  s t a t i o n s  on t h e  Sangamon River (PI .  III), s i x  s t a t i o n s  
on t h e  S a l t  Fork Vermilion River and i t s  t r i b u t a r i e s  (PI. IV) ,  
one s t a t i o n  on t h e  L i t t l e  Vermilion River,  t h r e e  ponds f i l l i n g  
abandoned c o a l  s t r i p  mines a t  Kickapoo S t a t e  Park, two ponds 
from abandoned c o a l  s t r i p  mines nea r  Wilmington, and a  smal l  
n a t u r a l  pond i n  Southern I l l i n o i s .  



Adult musse ls  wcA8e xamined e x c l u s i v e l y  i n  t h i s  s t u d y .  A s  
a  rough e s t i m a t e  o f  age ,  t h e  method o f  growth r i n g s  (Coker e t  
a 1  1921) was used and showed t h a t  t h e  musse ls  examined v a x e d  
-' J 
i n  age  from t h r e e  t o  s i x t e e n  y e a r s .  The r e l a t i v e l y  l a r g e  s i z e  
of  t h e  h o s t s  and t h e  c h a r a c t e r i s t i c s  of  some o f  t h e  t h i g m o t r i c h  
c i l i a t e s  n e c e s s i t a t e d  r a t h e r  t e d i o u s  and tirne consuming h o s t  
examina t ions .  It was n o t  unusua l  t o  have a  s i n g l e  h o s t  examin- 
a t i o n  t a k e  f o u r  hours  f o r  comple t ion .  T h i s  would n o t  i n c l u d e  
t h e  t i m e  r e q u i r e d  f o r  t h e  p r e p a r a t i o n  o f  permanent s l i d e s  i f  
c i l i a t e s  were found.  Consequently,  t h e  numbers of  envi ronments ,  
l o c a l i t i e s ,  and h o s t  s p e c i e s  examined was much l e s s  t h a n  would 
have been d e s i r e d  t o  make t h e  su rvey  comple te ly  thorough f o r  a l l  
I l l i n o i s  h o s t s .  
I n  a d d i t i o n  t o  c i i i a k e  p r o t o z o a ,  t h e  t r ematodes  Asp idogas te r  
and C o t y l a s p i s ,  t h e  h y d r o a c a r i n e  J Atax and t h e  o l i g o c h a e t e  Chaec- 
o g a s t e r  were found t o  p a r a s i t i z e  c e r t a i n  specimens.  These p a r a -  
s i t e s  were a l l  observed by  Ke l ly  (1899)  i n  h l s  su rvey .  S e s s i l i n e  
and mobi l ine  p e r i t r i c h s ,  s p o r a d o t r i c h i n e  h y p o t r i c h s ,  and t e t r a -  
hymenine hymenostomes were a l l  c i l i a t e s  which appeared occas ion-  
a l l y ;  however; t h e  t h i q m o t r i c h  c i l i a t e s ,  t h e  arhynchodine  (mouthed) 
~ o n c h o ~ h t h i r u s  and a  rhynchodine anc i s t rocomid  (;on-mouthed) 
H e t e r o c i n e t o p s i s ,  were found most commonly and i n  g r e a t  abundance. 
Tab le  I g i v e s  t h e  r e s u l t s  from t h o s e  h o s t  examina t ions  which 
t h o r o u g h l y  examined t h e  e n t i r e  mant le  c a v i t y  f o r  th ig rno t r i ch  
c i l i a t e s .  The s t a t i o n  numbers r e f e r  t o  t h e  l o c a t i o n s  a s  they  
appear  on P l a t e  111 o f  t h e  Sangamon d r a i n a g e  system and on P l a t e  
I V  of  t h e  S a . l t  Fork d r a i n a g e  system. 
O f  t h e  f i f t e e n  s p e c i e s  of  un ion id  b i v a l v e s  examined, twe lve  
s p e c i e s  showed va ry ing  d e g r e e s  of  i n f e c t i o n  w i t h  Conchophthirus,  
and one s p e c i e s  was i n f e c t e d  wi th  H e t e r o c i n e t o p s i s .  S p e c i f i c  
taxonomic d e s i g n a t i o n s  of t h e s e  c i l i a t e s  based on methods of  
s i l v e r  s t a i n i n g  gave t h e  f o l l o w i n g  r e s u l t s .  The P r o t a r g o l  i m -  
p r e g n a t i o n  of Conchophthirus gave  un i fo rmly  e x c e l l e n t  r e s u l t s  
which demonstrated s t r u c t u r a l  f e a t u r e s  n e v e r  b e f o r e  r e p o r t e d  f o r  
s p e c i e s  of  t h i s  genus .  For  s p e c i f i c  i d e n t i f i c a t i o n  t h e s e  new 
f i n d i n g s  have n e c e s s i t a t e d  a  review of  t h e  genus which i s  beyond 
t h e  scope  of t h i s  p r e s e n t  problem bu t  Is  a n  i n t e g r a l  p a r t  o f  
t h e  j u n i o r  a u t h o r ' s  r e l a t e d  d o c t o r a l  t h e s i s .  The rhynchodine 
t h i g m o t r i c h s  recovered  u b i q u i t o u s l y  from specimens o f  Anodonta 
g r a n d i s  a t  t h e  Wilmington c o a l  s t r i p  mine pond #2 were Hetero-  
c i n e t o p s l s  . T h i s  i s  t h e  same c i l i a t e  recovered  by 
Lwoff from - Unio complanata n e a r  Woods Hole,  Massachuse t t s .  
TABLE I 
HOST EXAMINATION RESUETS 
Anodontoides ferussacianus Lea 
STATION 2 (T19NR14WS33SW) 
Actinonaias carinata Barnes 
Larnpsilis siliquoidea Barnes 
Quadrula pustulosa Lea 
Tritogonia verrucosa Barnes 
STATION 3 (T19NR13WS22NE) 
Actinonaias carinata Barnes 
Alasmodonta rnarginata Say 
Amblema costata Rafinesque 
Anodontoides ferussacianus Lea 
Lampsilis siliquoidea Barnes 
Lampsilis ventricosa Barnes 
Lasmi~ona complanata Barnes 
Pleurobema coccineum Conrad 
Trito~onia verrucosa Barnes 
STATION 4 (T19NR13WS26NE) 
Hosts Hosts 
Infected Infected 
with with 
Hosts Conchoph- Heterocin- 
Examined thirus etopsis 
Saline, Spoon, Salt Fork Vermilion River Drainage 
STATION 1 (T20NR9ES32NW) 
Actinonaias carinata Barnes 
STATION 5 (T19NR12WS20NE) 
Anodonta gigant ia Lea 
STATION 6 (T21NRlOES26NW) 
Anodontoides ferussacianus Lea 
TABLE I (continued) 
Hosts Hosts 
Infected Infected 
with with 
Hosts Conchoph- He terocin- 
Examined thirus e topsis 
Little Vermilion River 
STATION 7 ( T ~ ~ N R ~ ~ W S ~ ~ N W )  
Anodonta $randis Say 
Lampsilis siliquoidea Barnes 
Sangamon River 
STATION 1 (T22NR7ESllS) 
Anodonta grandis Say 
STATION 2 (T20NR7ESllSW) 
Lampsilis ventricosa Barnes 
Lasmigana complanata Barnes 
Quadrula pustulosa Lea 
Tritogonia verrucosa Barnes 
STATION 3 (T20NR7ES21NE) 
Lampsilis ventricosa Barnes 
Pleurobema coccineum Conrad 
Quadrula gustulosa Lea 
STATION 4 (T1.8NR5ES21NW) 
Lampsilis ventricosa Barnes 
Leptodea fragilis Rafinesque 
Quadrula pustulosa Lea 
Tritogonia verrucosa Barnes 
TABLE I (continued) 
Hosts Hosts 
Infected Infected 
with with 
Hosts Conchoph- Heterocin- 
Examined thirus etopsis 
Kickapoo Strip Mine Ponds 
POND 1 (T19NR12WS4SW) 
Anodonta grandis Say 
POND 2 (T19NR12WS9NW) 
Anodonta gigantia Lea 
POND 3 (T19NR12WS19NW) 
Anodonta gigantia Lea 3 
W'inter's Pond Southern Illinois (TlOSR2WS31SW) 
Anodonta imbecilis Say 
Elliptio dilatatus Rafinesque 
Wilmington Strip Mine Ponds 
POND 1 (T32NRgES4NE) 
Anodonta gigantia Lea 
Anodonta grandis Say 
Lampsilis siliquoidea Barnes 
POND 2 (T32NRgES3NW) 
Amblema costata Rafinesque 
Anodonta grandis Say 
Lampsilis siliquoidea 'Barnes 
Lasmigona complanata Barnes 
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Plan t ing  Experiment 
To t e s t  t h e  p o t e n t i a l  and e f f e c t i v e n e s s  of Conchophthims 
and He te roc ine tops i s  as i n d i c a t o r s  of water  q u a l i t y ,  t h e  fol low- 
i n g  experiment was c a r r i e d  o u t  from August 25, 1967, t o  November 
5, 1967. A number of mussels were ga thered  by sno rke l  d iv ing  
from t h e  Wilmington s t r i p  mine pond #2. These were t h e  s p e c i e s  
Anodonta g r a n d i s  and Lampsil is  s i l i q u o i d e a  which were i n f e c t e d  
-with Conchophthirus. I n  a d d i t i o n ,  t h e  Anodonta g rand i s  
were i n f e c t e d  100$ with  He te roc ine tops i s  unionidarum. Both of  
t h e s e  h o s t  s p e c i e s  normally appear i n  t h e  S a l t  Fork of t h e  Ver- 
mi l ion  River where t h e  p l a n t i n g  experiment was c a r r i e d  ou t .  This  
s t ream was chosen f o r  t h e  p l a n t i n g  experiment, as we l l  a s  a  major 
p a r t  of t h e  hos t  survey,  because s e v e r a l  o t h e r  p o l l u t i o n  r e l a t e d  
s t u d i e s  a r e  c u r r e n t l y  being c a r r i e d  ou t  on t h i s  d ra inage  system. 
The accumulation of a v a r i e t y  of  d a t a  on t h i s  waterway w i l l  hope- 
f u l l y  r e i n f o r c e  o u r  unders tanding of  p o l l u t i o n .  
S ix  specimens of A.  g r and i s  and f o u r  specimens of  L. - s i l i -
quoidea were p l an t ed  aF each of s i x  l o c a t i o n s  on t h e  ~ a T i n e  Ditch - 
Spoon River - S a l t  Fork Vermilion River s tudy a r e a  ( s e e  A, A, C, D, 
E, F, P l a t e  IT). Plan t ing  s t a t i o n  B, 0.75 miles downstream from 
t h e  Champaign-Urbana Sewage Disposal  P l an t  i s  considered t o  be  
po lysaprobic .  P l an t ing  s t a t i o n  C (7 .5  miles downstream from t h e  
sewage d i s p o s a l  p l a n t )  i s  i n  an a r e a  ofd-mesosaprob-lc condi t ion .  
S t a t i o n  D (16.5  miles  downstream) i s  i n  an a r ea  of b-mesosaprobic 
cond i t i on  where stream recovery begins  and where unionid b iva lves  
f i r s t  appear,  i nc lud ing  both Anodonta g rand i s  and Lampsil is  - s i l i -
quoidea. S t a t i o n s  B, C,  and D were i n  l o c a t i o n s  of s l i g h t l y  
d i f f e r i n g  p o l l u t i o n .  On t h e  o t h e r  hand, s t a t i o n s  A,  E, and F  
were considered t o  be  c o n t r o l  s t a t i o n s .  That i s ,  they were l o -  
I I c a ted  i n  a r e a s  of so-ca l led  c l e a n  water."  S t a t i o n  A was 3.75 
ml l e s  above t h e  sewage d i s p o s a l  p l a n t .  S t a t i o n  E was 42.75 miles 
downstream and apparen t ly  r e l a t i v e l y  unaf fec ted  from any in t e rven -  
i ng  p o l l u t a n t s .  S t a t i o n  F  was a t  t h e  headwaters of t h e  Spoon River 
t r i b u t a r y ,  a l s o  a c l e a n  environment. 
I n d i v i d u a l s  were recovered a t  i n t e r v a l s  a f t e r  p l a n t i n g  and 
examined f o r  Conchophthirus and He te roc ine tops i s .  The r e s u l t s  
of  t h e s e  examinations a r e  g r a p h i c a l l y  presented i n  F igures  2  and 
3. The p o l l u t e d  s t a t i o n s  had a uniformly d e t r i m e n t a l  e f f e c t  
upon t h e  c i l i a t e s  and t h e i r  clam h o s t s ,  while bo th  h o s t s  and c i l -  
i a t e s  a t  t h e  c o n t r o l  s t a t i o n s  were apparen t ly  unchanged. There 
i s  no way of  q u a n t i t a t i v e l y  measuring t h e  c i l i a t e s  p r e s e n t  i n  a 
clam without damaging t h e  hos t ,  so  a l l  clams were considered t o  
I I c on t a in  t h e  s u b j e c t i v e  numerous" number a t  t h e  t ime of p l an t ing .  
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Ba,sed upon t h e  r e s u l t s  from t h e  c o n t r o l  s t a t i o n s  a.nd ou r  know- 
ledge  of t h e  Wilmington pond. clams, t h i s  does no t  seem t o  have 
been an erroneous a.ssumpti8n. 
One mussel o f  each type  wa,s c o l l e c t e d  on t h e  second and 
n i n t h  d.ays a f t e r  p l a n t i n g .  Data from h o s t  examinations on t h e  
n i n t h  day ind ica t ed  t h a t  t h e  mussels  from t h e  p o l l u t e d  s t a t i o n s  
B and C were e i t h e r  dea.d o r  i n  a weakened cond i t i on .  This  
warranted t h e  examination of mussels  from t h e  p o l l u t e d  s t a t i o n s .  
On t h e  n i n t h  and. t e n t h  days a l l  mussels  from t h e  p o l l u t e d  s t a t i o n s  
were c o l l e c t e d  and exa.mined. Mussels at  t h e  c o n t r o l  s t a t i o n s  
were c o l l e c t e d  i n d i v i d u a l l y  s o  ea.ch symbol on Fig.  2 r e p r e s e n t s  
t h e  da.ta f o r  a s i n g l e  clam. 
Conchophthirus showed an appa ren t ly  g r e a t e r  s e n s i t i v i t y  t o  
water  cond i t i ons  t h a n  d i d  i t s  h o s t .  It disappeared from h o s t s  
w i th in  t e n  days at  s t a t i o n s  B and C; however, a t  t h e  s l i g h t l y  
p o l l u t e d  s t a t i o n  D, no observeable  change could be noted.  The 
d a t a  f o r  Conchophthirus from both t h e  Anodonta and Lampsi l is  
h o s t s  were no t  s i g n i f i c a n t l y  d i f f e r e n t .  Conchophthirus appeared 
a t  c o n t r o l  s t a t i o n s  u n t i l  t h e  last  specimen was examined, some 
7Q days a f t e r  p l a n t i n g .  
He te roc ine tops i s  appeared t o  be a very c r i t i c a l  i nd i ca . t o r  
of  water  q u a l i t y .  A t  t h e  most h igh ly  p o l l u t e d  s t a t i o n , - B ,  they 
could no longe r  be found two days - t h e  e a r l i e s t  check - a f t e r  
being p l an t ed .  A t  s t a t i o n s  C and D, they could no t  be found 
a f t e r  t e n  and n i n e  days r e s p e c t i v e l y .  A l l  c o n t r o l  s t a . t i o n s  
e x h i b i t e d  uniformly abundant He te roc ine tops i s  u n t i l  t h e  l a s t  
specimen wa.s examined, some 72 days a f t e r  p l a n t i n g .  
DISCUSS I O N  
Host Survey and Biology of Thigmotrichs 
Our survey of I l l i n o i s  unionid b iva lves  has  shown th igmot r ich  
c i l i a t e s  t o  i n f e c t  a l a r g e  number of t h e  hosts--examined. F i f t e e n  
s p e c i e s  of  un ion ids  of t h e  approximately s i x t y - f i v e  occu r r ing  - 
i n  I l l i n o i s  (parmalee, 1967) were examined. Popula t ions  of i n -  
f e c t e d  clams seemed t o  occur  i n  s h e l t e r e d  a r e a s .  Since t h e s e  
c i l i a t e s  must i n f e c t  o t h e r  h o s t s  d i r e c t l y ,  an  open environment 
wi th  c u r r e n t  throughout t h e  y e a r  i s  u n s u i t a b l e  f o r  f a c i l e  hos t  
i n f e c t i o n .  This  was f u r t h e r  emphasized by our  examination of 
t h e  Sangamon River where t h i s  r a t h e r  open, u n s h e l t e r e d  r i v e r  
provided no i n f e c t e d  h o s t s ,  while i n  t h e  upper reaches  of t h e  
Sangamon, i n  slow moving water,  Conchophthims appeared.  The 
same was found i n  t h e  S a l t  Fork of  t h e  Vermilion River.  C l a m s  
from t h e  c e n t e r  of  t h e  s t ream were un in fec t ed  whi le  t h o s e  i n  
s h e l t e r e d  a r e a s  were i n f e c t e d ,  T h i s  i s  f u r t h e r  s u b s t a n t i a t e d  by 
t h e  f a c t  that  t h e  ponds with th igmot r i ch  popu la t ions  provided 
a c o n s i s t e n t l y  h i g h e r  percen tage  of h o s t  i n f e c t i o n s  t h a n  a r e a s  
i n  s t reams where th igmot r ichs  appeared. 
The q u e s t i o n  of hos t  s p e c i f i c i t y  i s  something e l s e  again.  
Although our  d a t a  as presen ted  does no t  i l l u s t r a t e  t h i s  wel l ,  i t  
i s  q u f t e  obvious t o  u s  that c e r t a i n  s p e c i e s  of clams a r e  more 
r e a d i l y  i n f e c t e d  and main ta in  t h e i r  i n f e c t i o n .  This  could be 
cons idered  t o  be a hos t  s p e c i f i c i t y  of  s o r t s ,  and i s  sepa rab le  
i n t o  two c a t e g o r i e s .  F i r s t ,  c e r t a i n  s p e c i e s  of clams such as 
Act inonaias  c a r i n a t a  a r e  most u s u a l l y  found i n  r i f f l e  r eg ions  
of s t reams ,  This  i s  apparen t ly  t h e i r  op t imal  n iche  i n  t h e  
environment, and they a r e  consequent ly  more a p t  t o  avoid in -  
f e c t i o n  because of e c o l o g i c a l  i s o l a t i o n  as descr ibed  above. 
Secondly, t h e r e  i s  a  f a c t o r  of  h o s t  s u i t a b i l i t y ,  This  must be 
r e l a t e d  t o  t h e  s p e c i f i c  h a b i t s  and n a t u r e  of t h e  hos t  a s  we l l  
3s t h e  supplementary requirements  of t h e  t h igmot r i ch  c i l i a t e .  
Anodontids proved t o  be good h o s t s  f o r  Conchophthirus. When 
they were i n f e c t e d ,  u s u a l l y  hundreds of c i l i a t e s  were p r e s e n t .  
Other h o s t s ,  such a s  T r i t o g o n i a  verrucosa,  were seldom i n f e c t e d ,  
and when i n f e c t e d ,  t h e  numbers of  Conchophthirus r a r e l y  exceeded 
a few dozen. 
U n t i l  t h e  ques t ion  of s p e c i a t i o n  i n  Conchophthirus i s  
reso lved ,  we cannot s p e c i f i c a l l y  o u t l i n e  t h e  r e s u l t s  of h o s t  -- 
s p e c i f i c i t y .  It does seem t o  u s ,  however, t h a t  t h e  h o s t  spec- 
i f i c i t y  f o r  t h i s  t h igmot r i ch  i s  no t  n e a r l y  s o  narrow as tha t  
which Kidder (1934) has  r epo r t ed .  I n  He te roc ine tops i s  union-- 
idamm, hos t  specificity i s  d i f f i c u l t  t o  a s s e s s  due t o  t h e  i n -  
complete n a t u r e  of our  d a t a .  Only one popu la t ion  was discovered.  
There it was found on a l l  specimens of Anodonta g r a n d i s  and one 
of  Lasmigona complanata.. 
A l thowh  many h o s t  mussels  were found t o  be h e a v i l y  i n f e c t e d  
with ~ o n c h o p h t h i r & ,  t h i s  a s soc i a , t i on  d i d  i n  no way appear  d e t -  
r imen ta l  t o  t h e  mussel. I n  t h e  ca.se of  Anodonta grandis specimens 
from Wilmington s t r i p  mine'pond #2, heavy i n f e c t i o n s  of Conchoph- 
t h i n s  and He te roc ine tops i s  l i t e r a l l y  coa t ing  t h e  g i l l s  d i d  no t  
s e r i o u s l y  e f f e c t  t h i s  un ion id .  Pauley -- e t  a l . (1967), r e p o r t i n g  
on exper imental  in f ' ec t ions  of t h igmot r i ch  c i l i a t e s  i n  o y s t e r s ,  
concluded t h a t  hea l thy  o y s t e r s  a r e  n o t  p a t h o l o g i c a l l y  e f f e c t e d .  
Plan t ing  Experiment 
The f i n a l  phase of our  p r o j e c t ,  t h e  p l a n t i n g  experiment, 
was designed t o  t e s t  t h e  p o t e n t i a l  of th igmot r ich  c i l i a t e s  as 
b i o l o g i c a l  I n d i c a t o r s  capable  of d i s c e r n i n g  t r a c e s  of p o l l u t a n t s  
i n  t h e  a q u a t i c  environment. This  experiment d id  show t h a t  both 
Conchophthirus and He te roc ine tops i s  were b e t t e r  i n d i c a t o r s  t han  
t h e i r  molluscan hos t s ,  a s  r e f l e c t e d  by t h e i r  s u r v i v a l .  This  - 
exp lo ra to ry  experiment d i d  no t  show Conc1.~op~1thirus t o  be a dram- 
a t i c a l l y  b e t t e r  ind lca . to r  t han  t h e  hos t  mol luscs  Lamgsi l is  
s i l i q u o i d e a  and Anodonta g rand i s .  A t t en t ion  i s  drawn t o  Hetero- 
c i n e t o p s i s .  I n  a d d i t i o n  t o  t h e i r  d isappearance from h o s t s  p lan ted  
-- - 
a t  t h e  polysaprobic  S t a t i o n  B i n  two days,  w i th in  t e n  days t h e s e  
c i l i a t e s  d i d  no t  appear on h o s t s  p l a n t e d  a t  thea-mesosaprobic  
s t a t i o n  D. Matteson and Dexter (1966) r e c e n t l y  showed t h a t  unionids  
were e f f e c t i v e l y  excluded about one mi le  upstream from t h i s  
s t a t i o n  presumably due t o  t h e  s t i l l  t o x i c  e f f e c t s  of  t h e  sewage 
e f f l u e n t  on t h e s e  molluscs.  To r e i t e r a t e ,  unionid b iva lves  a r e  
g e n e r a l l y  accepted i n d i c a t o r s  of c l e a n  wate rs .  Although they  do - 
begin t o  appear  n a t u r a l l y  s l i g h t l y  upstream from S t a t i o n  Dl Hetero- 
c i n e t o p s i s  was excluded wi th in  t e n  days a t  t h i s  b i o l o g i c a l l y  c l ean  
s t a i o n ,  us ing  un ion ids  as a s tandard .  Our r e s u l t s  and obse rva t ions  
of t h e  S a l i n e  Di t& and t h e  S a l t  Fork of t h e  Vermilion River a r e  
i n  b a s i c  agreement wi th  t hose  of  Larimore and Smith (1963) based 
on t h e  f i s h e s  of  t h i s  d ra inage  system. 
Eva lua t ion  f o r  Fu ture  Work 
It must be emphasized t h a t  t h i s  was a p i l o t  s tudy .  Our 
methods of  exper imentat ion were by no means encyclopedic but  
approached t h e  problem from a. b i o l o g i c a l  viewpoint .  It does 
appear t h a t  t h e  rhynchodine, t h igmot r i ch  c i l i a t e ,  H. unionidarum 
can be s u c c e s s f u l l y  u t i l i z e d  as a  convenient  b io loF ica1  i n d i c a t o r -  
capable  of recognizing very s u b t l e  p o l l u t a n t s  w i t h i n  t h e  environ- 
ment. Our experiment was concerned with  e f f e c t s  of  b i o l o g i c a l  
p o l l u t i o n  and i t s  subsequent e f f e c t s  on a s t ream a s  r e f l e c t e d  
by th igmot r ich  c i l i a t e s .  If t h e s e  c i l i a t e s  a r e  t o  be used as 
a g e n e r a l  assay of water  q u a l i t y ,  f u r t h e r  experiments must be 
c a r r i e d  out  t o  d e f i n i t i v e l y  c h a r a c t e r i z e  t h e  s e n s i t i v i t y  of t h e  
c i l i a t e s .  Our experiments were concerned with e f f e c t s  of b io-  
l o g i c a l  p o l l u t i o n  on t h e  c i l i a t e s ;  one might suspec t  t h a t  c i l i a t e s  
could be s u s c e p t i b l e  t o  o t h e r  p o l l u t a n t s ,  e i t h e r  chemical o r  
phys i ca l ,  as wel l .  
It i s  c l e a r  t o  u s  t h a t  f u r t h e r  exper imentat ion on t h e  e f f e c t s  
of environmental  p o l l u t a n t s  on t h e s e  c i l i a t e s  i s  warranted.  Our 
experiments may only begin t o  demonstrate t h e  va lue  of t h e s e  
c i l i a t e s  a s  i n d i c a t o r s  of water  q u a l i t y .  It i s  f e a s i b l e  t h a t  
I I i n f e c t e d  clams could be taken  from a  c u l t u r e "  pond and d i s t r i b -  
u ted  t o  any f r e s h  water body of  ques t ionab le  water  q u a l i t y .  Af te r  
p e r i o d i c  examinations of t h e s e  p l an t ed  clams, t h e  water  q u a l i t y  
of t h e  s i t e  i n  ques t ion  would be determined.  The i n f e c t e d  clams 
would be a c t i n g  a s  a l i v i n g  " t e s t  tube"  and b i o l o g i c a l  assay of 
water  q u a l i t y .  This  system may be more c r i t i c a l  t han  o t h e r  methods 
of d e t e c t i n g  b i o l o g i c a l l y  damaging p o l l u t a n t s .  Ce r t a in ly ,  t h e  
procedure  would be a more d i r e c t  and an e a s i e r  b i o l o g i c a l  method 
of d e t e c t i n g  environmental  cond i t i ons  t h a n  those  c u r r e n t l y  a v a i l -  
ab l e .  It i s  p o s s i b l e  t h a t  t h i s  system would be c r i t i c a l  enough 
t h a t  conserva t ion  s t e p s  could be taken,  when deemed necessary,  
before  major i r r e v e r s i b l e  damage had t aken  p l ace  i n  t h e  environment. 
CONCLUSIONS 
1. The o b j e c t i v e s  of t h e  p r o j e c t  were achieved.  F i f t e e n  
s p e c i e s  of unionid b iva lves  commonly occur r ing  i n  I l l i n o i s  were 
examined f o r  t h e i r  c i l i a . t e  fauna.  
2.  The th igmot r ich  c i l i a , t e s  Conchophthirus and Hete roc ine t -  
o p s i s  unionidarum occurred most r e g u l a r l y  ard most p r e d i c t a b l y .  
3. New d a t a  on t h e  biology of t h e s e  c i l i a t e s  was r epo r t ed ,  
4. When exper imental ly  t e s t e d ,  both Conchophthirus and 
H. unionidarum were shown t o  be b e t t e r  i n d i c a t o r s  of  b i o l o g i c a l  
- 
p o l l u t i o n  than  t h e i r  unionid molluscan h o s t s .  
5. I n  p re l iminary  experiments, H. unionida.rum was shown t o  
be extremely e f f e c t i v e  as a  s u b t l e  i n d i c a t o r  of b i o l o g i c a l  p o l l u t i o n .  
6. Fu r the r  exper imentat ion on t h e  e f f e c t s  of environmental 
p o l l u t a n t s  on t h e s e  c i l i a t e s  i s  warranted.  
7. It i s  f e a s i b l e  t h a t  c i l i a t e - i n f e s t e d  clams can be used 
a s  a more c r i t i c a l  b i o l o g i c a l  assay of wate r  q u a l i t y  t han  any 
method c u r r e n t l y  a v a i l a b l e .  
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